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C erebral venous thrombosis is rare, accounting for just 0.5% of all strokes. 7 However, rapid and accurate diagnosis is paramount to patient safety and recovery. Overall mortality rates range from 5 to 30%. 10 This can approach 50% in cases of treatment failure or when patients have evidence of clinical deterioration. 21, 40, 49 In these more complicated situations, aggressive techniques to alleviate clot burden and subsequent intracranial mass effect are required. 7, 10 A tertiary care center may see ~ 5 cases per year, and therefore, care providers must be knowledgeable about the current methods of diagnosis and treatment of CVT. 6 Patients will often present initially to a stroke service, but neurosurgeons are often consulted for increasing ICP or hemorrhagic infarcts. Additionally, patients in whom conservative treatment with anticoagulation fails may need surgical intervention. 49 Cerebral venous thrombosis predominantly affects young people who are otherwise healthy, and women are affected more often than men. 10 Risk factors are varied, but virtually any medical condition that causes hypercoagulability and susceptibility to blood clotting should be considered. 7, 15, 49 In a study of 31 patients, risk factors were identified in 94%, and 65% had more than one risk factor. Women most commonly had associated oral contraceptive or estrogen replacement use, pregnancy, or puerperium. The distribution among risk factors was equal in men, comprising germ cell malignancies, dehydration, and hematological disorders. Men were more likely to have 1 risk factor. 49 Other frequently seen causes include Factor V Leiden, 1 protein C, 28 or protein S 39 deficiencies; antiphospholipid syndrome; 45 vasculitis; 26 or infections. 38 It has been suggested that pseudotumor cerebri is due to undiagnosed CVT, and one study has suggested that MR venography should be done unless MR imaging is diagnostic for CVT in any patient with presumed IIH, to rule out this condition. Lin et al. 34 found that 9.4% of patients (10 of 106) meeting criteria for IIH had thrombosis evident on MR venography. However, the classic demographic for IIH (a young, obese female) was not sensitive enough to allow for MR venography in just this subset, as the diagnosis in 4 patients would have been missed. 3 Considering that underlying malignancies causing a hypercoagulable state may be diagnosed once CVT is confirmed, the risk of not performing a thorough workup for IIH can be of significant detriment to the patient.
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Diagnosis
The diagnosis of CVT can present a substantial challenge. Misdiagnosis and delay in diagnosis are common problems, particularly in patients presenting to facilities without established stroke, neurological, or neurosurgical support. 22 Initial misdiagnosis occurs in up to 73%, 49 and delay has been reported at longer than 10 days in 40% of patients. 16 Signs and symptoms are extremely varied, and
From presentation to follow-up: diagnosis and treatment of cerebral venous thrombosis none are pathognomonic. Headache is the most common symptom, occurring in up to 90%, 21 and can be identical to the "worst headache of my life," as described in subarachnoid hemorrhage. 13 The presence of headache as a symptom is not insignificant, since this complaint alone is responsible for up to 16% of all emergency room visits, and is therefore among the most common reasons for a patient to present there. 37 Physicians must be able to evaluate this symptom thoroughly and discern who requires further workup.
Although not specific for CVT, different sources report the incidence of some signs and symptoms that can be helpful in localization. Visual impairment occurs in 10-13% of patients and papilledema in 27-80% and can point to thrombus in the cavernous sinus; focal deficits have been reported in 27-79% and are suggestive of isolated cortical vein thrombosis. Superior sagittal sinus thrombosis can cause seizures, which has been observed in 10-63% of patients, and coma was the presenting symptom in 15%, pointing to involvement of the deep veins. Aphasia, suggestive of transverse sinus occlusion, occurs in ~ 13% of patients.
5,49 Figure 1 shows normal sinus anatomy and likely places for thrombosis to occur. Figure 2 shows an in vivo image of the late venous phase on angiography, with an area of flow deficit in the left transverse sinus.
There are other less common symptoms, such as nausea and vomiting, migraine, tinnitus, cranial nerve palsy, and psychiatric symptoms. [5] [6] [7] [8] 10, 13, 16, 20, 21, 36 A syndrome of intracranial hypertension with headache occurs most frequently, and most people present with more than one symptom. The condition can mimic a variety of intracranial processes, including tumor, abscess, encephalitis, arterial stroke, and benign intracranial hypertension. 6 A low threshold for workup should be maintained, and CVT should always be included in the differential diagnosis in the presence of vague neurological findings.
Clinical Course and Prognosis
Also confounding the diagnosis is the unpredictable progression of symptoms, which, unlike arterial stroke, can range from a few hours to several months. Neither the rapidity of evolution nor the severity at presentation is predictive of ultimate outcome. Predicting who will fare worst is extremely difficult. Isolated headache can quickly deteriorate into coma or death, while a patient with multiple focal neurological deficits may recover completely. 33 However, there is some guidance on poor prognostic characteristics. Investigators of the International Study of Cerebral Venous Thrombosis (ISCVT) determined the following 8 variables at presentation that correlate well with prognosis: age > 37 years, male sex, altered mental status, hemorrhage on admission CT scan, coma, deep cerebral vein involvement, CNS infection, and malignancy. Coma at presentation remains the worst prognostic indicator overall. 21 A viable collateral system of cortical and bridging veins is a key factor in the clinical presentation and mortality rate. An intact collateral system can significantly attenuate increases in ICP. However, if the thrombus extends to involve collateral circulation, local hypoperfusion with infarction and destruction of the blood-brain barrier and vasogenic edema can occur. 4, 40 Infarctions occur in ~ 50% of cases. 24 It is in these patients in whom more immediate and aggressive treatment is indicated.
The d-dimer assay, a familiar serum test useful in deep vein thrombosis, pulmonary emboli, and coronary artery thrombosis, can also provide clues to the diagnosis of CVT. A d-dimer level < 500 ng/ml had a negative predictive value of 99.6%, but the positive predictive value was only 55.7%. Therefore, a negative test makes CVT very unlikely, but the assay cannot be used to confirm CVT due to other primary or coexisting causes for an elevated level. 31, 52 The laboratory diagnosis of CVT remains a challenge, and physicians should move quickly to imaging techniques.
In a patient presenting to the emergency room with neurological symptoms, the most likely first test will be CT scanning. A thrombus in the superior sagittal sinus classically forms a "dense triangle" or rounded shape on noncontrast CT scans, and an "empty delta" after contrast injection, with enhancement around the clot likely due to inflammation. 8, 44 This direct sign is seen in about onethird of patients. 5 On MR imaging, the occluded sinus appears as a homogeneous hyperintense signal on T1-and T2-weighted images in a normal or bulging superior sagittal sinus. The CT scan may show gyral enhancement, possibly due to blood-brain barrier breakdown, and regional hypoperfusion, edema, and hemorrhage in a nonarterial distribution are all clues to the diagnosis. 43 Unfortunately, these are nonspecific, and the scans can reveal entirely normal findings in up to 30% of patients. Other, much rarer, signs that may reveal clues to the diagnosis are the cord sign and attenuated vein sign. A homogeneous area of hyperattenuation at sites of thrombosis on noncontrast CT scans is the cord sign, which indicates a thrombus within 7 days of formation. After 7-14 days, the thrombus becomes isodense and then hypodense on CT scans. Occasionally, the CT scan may not reveal findings and the cord sign may be seen on MR imaging as an area of hyperintensity representing a thrombosed vein. 48 However, the sensitivity of the cord sign has been shown to be too low in excluding sinus thrombosis, and therefore, if CVT is suspected clinically, other methods should be undertaken to diagnose the condition, including CT angiography, MR imaging, or MR venography. 4, 5, 8, 36, 44, 53, 54 Deep veins, including the internal cerebral veins, great cerebral vein of Galen, straight sinus, or thalamostriate veins should be carefully analyzed, and the presence of hyperattenuation in the deep veins, known as the "attenuated vein sign," on noncontrast CT scanning is much more sensitive for CVT. The absence of it makes deep vein thrombosis highly unlikely. If hyperattenuation is present, an MR venography study should be performed immediately to confirm the diagnosis. Computed tomography venography has also been studied and is recommended for cases in which MR imaging is inconclusive, contraindicated, or unavailable.
35,54 Figure 3 shows a schematic for what these signs would look like in situ. Figure 3A also shows an MR image of the cord sign as described by Sharma and Teoh, 48 and Fig. 3B shows a depiction of the empty delta sign as seen on CT scanning, with a central area of hypoattenuation and surrounding enhancement.
The gold standard of CVT diagnosis is digital subtraction angiography. However, T1-and T2-weighted spin echo images showing thrombosis, together with MR venography showing a filling defect, represent valuable diagnostic tools and largely obviate the absolute need for angiography. The T2* echoplanar susceptibility-weighted images may be more helpful in the acute phase when the T1 signal is hypointense. This study is the most sensitive modality available to detect cortical vein thrombosis. Fluid attenuated inversion recovery is useful, especially in isolated venous occlusion where sensitivity of T1 and T2 signals is very low. Diffusion weighted imaging shows inconsistent patterns of edema, hemorrhage, and infarction within brain parenchyma. 25 Most commonly, the diffusion coefficient is suggestive of vasogenic edema. Taken together, T1-, T2-, and T2*-weighted and FLAIR and DW imaging will detect most cases of CVT. 7, 36 One study found that MR imaging and MR angiography had a sensitivity of 100%. 32 It is important to acknowledge that the same causes of thrombosis in the cerebral veins can cause clots in systemic veins as well. Investigation for deep vein thrombosis and pulmonary emboli is warranted, and these must also be watched for as complications following treatment for CVT. 
Treatment
Medical Therapy
Determining the best treatment plan for CVT can be difficult. Figure 4 depicts a suggested algorithm for selecting different treatments, driven by disease course and severity. Appropriate critical care measures should be undertaken in all patients, including intubation and intravenous fluids when needed, and seizure prophylaxis in those with risk factors, such as focal areas of edema or infarct. 20 Although once an accepted treatment option, medical observation with fluids and prophylaxis alone has now been largely abandoned, as patients in this group uniformly did worse than those with greater measures. 49 A few decades ago, only one therapy was widely available for CVT. Anticoagulation, typically with intravenous heparin, has been the mainstay of treatment since it was first used to treat CVT in 1941, and it remains the first-line therapy. Since clots themselves are thrombogenic, use of anticoagulation attenuates propagation, significantly reducing the burden that must be overcome by the venous system. 41 Even in cases in which hemorrhage was detected, anticoagulation has repeatedly been shown to be safe and effective. A commonly used regimen is a bolus dose of up to 1000 U, followed by low-dose maintenance therapy at 400-600 U/hour to an activated partial thromboplastin time of 60-70 seconds. 49 Low-molecularweight heparin has also been studied, but controversy exists as to whether this is more efficacious than intravenous heparin. One study failed to show any improvement over intravenous heparin, 17 while a meta-analysis reported an increased benefit of low-molecular-weight heparin and fewer bleeding complications. 51 Low-molecular-weight heparin is generally administered at a dose of 180 antifactor Xa U/kg/24 hours in 2 subcutaneous injections per day. 49 While heparin is effective in reducing clot formation, it is unable to lyse existing clots. Several options exist for more invasive treatments, and the choice to progress to these depends on failure of one treatment, as evidenced by clinical deterioration, lack of reasonably expected improvement, or signs of extensive venous compromise. 49 Other methods of controlling elevated ICP are available and are used, such as steroids, acetazolamide, mannitol, or hyperventilation, but extreme caution must be maintained when administering these. 5 In a prospective study comparing death or dependence at 6 months of follow-up, patients treated with steroids had the same outcomes as those not treated with steroids. In patients presenting without an intraparenchymal lesion on CT or MR imaging, treatment with steroids was associated with a worse prognosis. This outcome may be due to the prothrombotic properties of steroids or associated complications of treatment (for example, bleeding, infection, and hyperglycemia). Therefore, Level III evidence suggests that steroids are not beneficial unless they are being used to treat the underlying etiology (vasculitis, inflammation, infection, or malignancy), and are harmful in patients without preexisting parenchymal lesions. 9 
Interventional Therapy
Chemical endovascular thrombolysis with urokinase was first used in 1988, but this drug has since been largely replaced by rtPA. 33 Direct thrombolysis requires endovascular access, commonly with a Fogarty catheter inserted through the femoral or jugular vein. The thrombolytic agent is directly infused into the clot itself. The advantage to endovascular thrombolysis is its timely nature in reducing the clot. 49 Some disagreement exists regarding durations of infusions at proper dosages. Interventionalists have reported using rtPA anywhere from 8 to 43 hours at total doses of 50-300 mg. 47 The efficacy of rtPA has been studied in conjunction with heparin and has shown favorable results. Frey et al. 23 observed complete flow restoration in 50% with 41.7% of patients having a complete recovery. Intracranial hemorrhage is one of the most feared complications of direct thrombolysis, and patients must be carefully selected for this technique, as it is believed to be associated with an increased risk of hemorrhage. 33 Balloon thrombectomy has also been used, but this method is of limited value due to significant incidence of reocclusion. One method to reduce this risk is the use of an indwelling sinus catheter for maintenance of a continuous heparin infusion. Balloon thrombectomy has been associated with better clinical outcomes than endovascular thrombolysis or heparin alone and is especially useful in preexisting hemorrhage. In a series analyzing 8 patients treated with balloon angioplasty, 88% showed signs of recovery. 49 In patients in whom anticoagulation alone fails but in whom hemorrhage is a significant risk, mechanical thrombectomy offers a promising alternative treatment. The AngioJet Xpeedior (Possis Medical) is a rheolytic coaxial lumen guidewire-directed catheter that uses 6 high-velocity saline jets to create a pressure gradient. Pressurized saline is forced out of the catheter tip, causing a low-pressure region behind, to draw fragments of clot from the dural wall into the exhaust lumen, which can then be suctioned out of the body. Unlike traditional direct thrombolytic infusion, the process takes just minutes to recanalize the sinus and restore native flow, further promoting physiological fibrinolysis.
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Since the catheter initially must be advanced through the clot and then pulled back as the vacuum effect pulls the clot in, sinus stenosis could be a limiting factor. Additionally, the AngioJet catheter is relatively stiff, precluding navigation of tortuous veins or crossing into the deep venous system. To circumvent the limitation posed by difficult entry into deep veins, a transcranial approach has been successful. A small (2-cm) craniotomy is formed at the inion, and the underlying confluence of sinuses is pierced using a micropuncture kit. The AngioJet catheter can then be inserted over a guidewire, and the deeper sinuses, such as the straight sinus, can be accessed directly. Gelfoam is used to seal the sinus, and the bone flap is replaced. 10, 11, 18, 29, 41, 42, 46 Mechanical thrombectomy with a rheolytic catheter resulted in clinical improvement in 75% of patients. One major advantage of this therapy is the immediate angiographic restoration of flow. 28 The AngioJet system is associated with some complications, including intravascular hemolysis, 19 dilutional anemia 24 resulting from excess infusion of saline, and aspiration anemia due to suctioning of blood into the system. Clinicians must watch postoperatively for a decrease in the hematocrit level and clinical signs of hypovolemia, and they must transfuse as needed. 24 Additionally, Curtin, et al. 15 demonstrated the usefulness of a combination of approaches in treating CVT. Balloon angioplasty, direct rtPA, and Angiojet thrombectomy were used due to lack of clinical improvement after 1 modality. The patient recovered, and the preexisting hemorrhage did not worsen.
Another attractive device that has been used is the Merci endovascular thrombus retrieval system (Concentric Medical, Inc.). This consists of a flexible nickel-titanium wire that assumes a helical conformation once out of the catheter tip. The tip is passed distal to the thrombus and is rotated while being retracted. The helix traps the clot, which can then be withdrawn. Suction can also be used to facilitate removal, and concomitant direct infusion of a thrombolytic can also be used. An advantage of the Merci device over the AngioJet is its maneuverability, but it does carry an increased risk of vessel injury. However, most studies evaluating this risk were performed in arterial thrombectomy, and risk of injury to the tougher dural wall is believed to be lower. These new devices were themselves preceded by various clot-removal systems, and research continues to make improvements on currently available ones. Physicians must maintain an awareness of continued advances in the field.
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Surgical Therapy
At the extreme end of the clinical continuum are patients who present with signs of impending herniation. Here, venous occlusion results in significantly increased ICP that cannot be compensated for by collateral flow or CSF reduction. In these cases, any delay in therapy leads to imminent death, and the mortality rate is, as expected, considerably higher. Endovascular approaches might not alleviate enough of the burden as quickly as needed, and a useful validated approach is decompressive hemicraniectomy. Most of what is known about the efficacy of hemicraniectomy is based on various case reports done over the last decade. Although the reports are relatively few, this option resulted in favorable outcome in 11 (84.6%) of 13 cases. Several patients in these reports had clinical signs of herniation, with fixed pupils and/or coma, and had reversal of these and complete functional recovery. Suggested indications include a unilateral dilated and fixed pupil; rapid deterioration in the Glasgow Coma Scale score; and significant midline shift or elimination of basal cisterns on CT or MR imaging. The procedure creates a generous hemicraniectomy with the dura incised widely. However, bias may exist toward reporting of successful cases, and the need for a prospective analysis of this intervention cannot be overlooked. Preoperative and postoperative anticoagulation should also be used here as well. 2, 14, 50, 55 Keller et al. 27 reported 4 cases of decompressive hemicraniectomy for malignant CVT for which preoperative anticoagulation was discontinued. The anticoagulation was restarted at a half dose 12 hours after surgery and increased to the full dose at 24 hours postoperatively. No patient experienced exacerbation of preexisting hemorrhage or other bleeding. A larger study should be done, however, to understand the optimal perioperative management and clinical need for anticoagulation.
Follow-Up
Appropriate follow-up consists of ensuring that underlying causes for cerebral venous thrombosis are investigated, and any reversible cause of coagulopathy is treated. Additionally, patients should be assessed for continued recanalization with imaging. About 15% of patients will have no identifiable cause, but some causes can be easily ruled out. Females are affected almost 3 times as often as males, and pregnancy, oral contraceptive use, or puerperium can be easily evaluated. The myriad causes of hypercoagulable states should be worked up with appropriate laboratory tests to ensure success and prevent recurrence. The cause is also important for determining the duration of oral anticoagulation therapy following bridging from intravenous therapy. For reversible states the usual range is 3-6 months, while in inherited disorders, the treatment is lifelong. 7, 15, 49 Appropriate follow-up includes venous imaging after ~ 2 weeks with MR imaging and MR angiography unless MR imaging alone shows sustained thrombosis. Images suggest recanalization by decreased or absent signal on T1-and T2-weighted MR images, and normal sinus anatomy on MR angiography. 32 Most patients (80%) who were independent before CVT return to independence following the event. However, many will report long-term sequelae. The most common complaint, reported in 75% of patients, was decreased inability to concentrate that affected psychosocial and work-related activities. About half of the patients can be expected to report headache, while approximately one-third will have increased fatigue or depression. It is important for clinicians to realize that CVT patients may follow-up with long-term complaints, and these should be appropriately addressed.
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Conclusions
Due to the rarity of the condition, with only 1-5 people per million being diagnosed with CVT, it is often overlooked in the differential of causes for neurological deficits.
7 However, without treatment, mortality rates are high, and in an age of sophisticated imaging modalities, the consequence of not considering CVT is of great detriment to the patient. 10 Neurological manifestations are extremely varied in course and severity, and even cases of isolated headache can be CVT. Therefore, physicians must maintain a high degree of suspicion when dealing with nonspecific neurological complaints. [5] [6] [7] [8] 10, 13, 16, 20, 21, 36 Confirmatory imaging can be obtained with MR imaging and MR venography; CT scanning may provide some clues, but is not as useful in making the definitive diagnosis. 3, 7, 36 Treatment of CVT is an additional source of confusion. Most agree that systemic intravenous anticoagulation is an appropriate first-line therapy, even in the presence of intracranial hemorrhage, and this will be sufficient for the majority of cases. 41, 49 The decision on how to best to proceed in treating patients stems from clinical or radiological severity. The presence of poor prognostic risk factors, rapid deterioration, failure of a treatment modality, significant clot burden, or signs of impending herniation warrant more aggressive and invasive treatments. 49 The presence or absence of preexisting intracranial hemorrhage determines the risk of direct endovascular thrombolysis. Mechanical thrombectomy, with or without thrombolysis, presents an attractive option in cases of hemorrhage that has shown promising results. Borrowing from devices already in use for other sites of vessel occlusion, such as coronary and cerebral arteries, new techniques for mechanical venous thrombectomy are quickly emerging. 12, 15, 17, 41 These systems can be applied transfemorally, transjugularly, or, if tortuous or deep veins are involved, transcranially via the confluence of sinuses. 10 Hemicraniectomy is an option for those patients facing herniation. 2, 14, 50, 55 Adjuncts to these should also be included when appropriate, such as use of balloons, mannitol, or hyperventilation. 49 Diagnosis and treatment of CVT may present challenges, but rapid and aggressive management when needed will result in low mortality and patient recovery without lifestyle-limiting sequelae.
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